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(54) Torque converter bypass clutch damper having compliant pressure disc 



(57) A hydrokinetic torque converter includes an im- 
peller cover (1 2) and a bypass clutch. The impeller cover 
(12) has welded to it a clutch plate (70), which carries 
friction material (80) adjacent a clutch piston (60). The 
piston (60) supports a pressure disc (79) and carries rt 



axially into engagement with the clutch plate (70). The 
disc (79) flexes into conformance with the surface of the 
clutch plate (70) beginning at a radially inner region and 
progressing radially outward as clutch apply pressure 
increases. 
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Description 

[0001] This invention relates to the field of automatic 
transmission torque converters, in which an impeller 
wheel hydrodynamically drives a turbine wheel. The in- s 
vention pertains particularly to a bypass clutch. 
[0002] The transaxle described in U.S. Patent No. 
4,509,389, which is assigned to the assignee of this in- 
vention, includes a hydrokinetic torque converter having 
an impeller and a turbine. The housing for the impeller io 
includes a lockup clutch assembly having a clutch plate 
that engages a friction surface on the impeller housing. 
The clutch plate carries friction material that establishes 
a frictional driving connection between the impeller and 
the turbine when the pressure differential across the is 
clutch plate is sufficient to establish a clutch-engaging 
force. 

[0003] The clutch plate is connected through a damp- 
er assembly to the hub of the turbine, thus establishing 
a mechanical torque transfer between an engine crank- 20 
shaft and the turbine shaft, which bypasses the hydrok- 
inetic torque flow path through the torque converter. 
[0004] Converter lockup clutch constructions are well 
known in the art, an example of an early prior art torque 
converter assembly having a lockup clutch is disclosed 2s 
in U. S. Patent No. 3,541,893. 

[0005] More recent prior art teachings include means 
for controlling the application of the torque converter 
clutch by means of an electronic controller that estab- 
lishes a modification of the clutch engaging force under 30 
certain operating conditions, for example, during shifts 
when it is desired to eliminate undesired torque fluctu- 
ations and engine speed changes during transient peri- 
ods when torque flow interruption is desired. The elec- 
tronic controller establishes a pressure force on the 35 
clutch plate that is adequate to meet the transient torque 
transmission requirements of the driveline. Examples of 
this are shown in U.S. Patent Numbers 4,560,043 and 
4,301,900. 

[0006] Conventionally in a torque converter bypass 40 
clutch, first contact between the piston and friction sur- 
face occurs at the radially outer surface of the piston 
when apply pressure is low. Thereafter, as apply pres- 
sure increases, this contact moves toward the radially 
inner surface portion of the piston face resulting in a low- 45 
ering torque capacity versus apply pressure. Unfortu- 
nately, as apply pressure increases the magnitude of the 
contact force associated with that pressure is applied to 
a progressively smaller area of the piston. 
[0007] It is preferable that the gain produced in a so 
torque converter bypass clutch increase as the magni- 
tude of applied pressure increases, whereas in a con- 
ventional bypass clutch gain decreases with increasing 
apply pressure. 

[0008] According to the present invention there is pro- 55 
vided a bypass clutch for the torque converter of an au- 
tomatic transmission for an automotive vehicle, com- 
prising: a biaded wheel supported for rotation about an 



axis on a hub; an impeller casing supported for rotation 
about said axis, having a friction surface facing the 
wheel; a piston supported on the hub for displacement 
thereon relative to the friction surface, having a mount- 
ing surface; and a disc fixed to the piston at the mounting 
surface, contacting the piston, extending from the 
mounting surface between the piston and the friction 
surface, adapted to deflect elastically due to contact with 
the friction surface as the piston moves toward the fric- 
tion surface and the disc driveably engages the friction 
surface, and alternately to deflect elastically as the pis- 
ton moves away from the friction surface and the disc 
disengages the friction surface. 
[0009] In a bypass clutch assembly embodying the in- 
vention, a clutch plate having a friction surface is located 
on an impeller casing adjacent a clutch piston. The pis- 
ton is supported slidably on a hub, which is fixed to the 
turbine wheel. The clutch plate is welded to the inner 
surface of the impeller casing. 

[001 0] As load applied to the piston by hydraulic pres- 
sure increases, a compliant disc deflects such that the 
center of its area of contact with the friction surface on 
the impeller casing moves radially outward with respect 
to its location when the hydraulic pressure force is at a 
lower magnitude. The piston surface in the vicinity of the 
radially outer area of the piston supports the disc, ap- 
plies clutch engagement force to the disc and pressure 
surface, and influences the position of center of the con- 
tact area while hydraulic pressure is high. 
[0011] The bypass clutch provides positive gain, i.e., 
as the pressure force on the clutch increases, the clutch 
torque capacity increases. Because the area of contact 
increases at higher torque magnitudes, the resulting 
frictional contact pressure is lower than in conventional 
clutches. 

[0012] The invention will now be described, by way of 
example, with reference to the accompanying drawings, 
in which: 

Figure 1 is a cross section of a torque converter, 
taken at a plane located in the axial and diametrical 
axes, showing a bypass clutch according to the in- 
vention; 

Figure 2 is a cross section in the region of the by- 
pass clutch piston and damper spring retainer 
shown in Figure 1 ; 

Figure 3 is a cross section similar to that of Figure 
2 but at a more advanced state of engagement of 
the bypass clutch; and 

Figure 4 of a cross section similar to that of Figure 2. 

[0013] Referring first to Figure 1, a torque converter 
includes an impeller cover 1 2 welded to an impeller shell 
14 having recesses 16, which receive tabs 18 located 
on the outer surface of impeller blades 20. The impeller 
blades are retained between shell 14 and an inner im- 
peller shroud 22. 

[0014] Impeller cover 12 supports a circular pattern of 
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threaded studs 24 to which a flywheel, rotatably sup- 
ported on the engine crankshaft, is bofted, thereby drive- 
ably connecting the cover to an engine. 
[0015] Turbine blades 26 are spaced mutually about 
the axis of rotation and are located with respect to the 
impeller blades so that a toroidal fluid flow path within 
the torque converter exits the impeller and enters the 
turbine at the radially outer area and leaves the turbine 
at the radially inner area. The outer periphery of the tur- 
bine blades is fixed mechanically or by welding or braz- 
ing to a turbine shell 28, which has openings 29 that re- 
ceive tabs 30 formed on the turbine blades. The inner 
periphery of the turbine blades is connected to an inner 
turbine shroud 32 by locating tabs 34 within slots formed 
in shroud 32 and by bending the tabs over the inner sur- 
face of the shroud, thereby fixing the position of blades 
26 between shell 28 and shroud 32. Turbine shell 28 
and retainer 97 are secured by rivets 36 to a turbine hub 
38 having an internally splined surface 40 adapted to 
engage an externally splined surface on a transmission 
input shaft 42. 

[0016] Located between the flow exit section of the 
turbine and the flow entrance section of the impeller is 
a stator assembly comprising stator blades 46, spaced 
mutually around the axis of rotation, a hub 48 supporting 
blades 46, an inner shroud 50 connecting the radially 
inner tips of the stator blades, and an outer shroud 52 
connecting the radially outer ends of the stator blades. 
An overrunning brake 54, fixed by splines 56 to a sta- 
tionary sleeve shaft 57, provides one-way braking be- 
tween the stator blades 46 and the sleeve shaft. 
[0017] A bypass clutch includes a piston 60 formed 
with a flange 61 that is slideably mounted on an axially 
directed surface 62 formed on turbine hub 38 and sealed 
against the passage of hydraulic fluid by an O-ring seal 
64, located in a recess formed in surface 62. 
[0018] A clutch plate 70 is fixed to the inner surface 
of impeller cover 12 by a spot weld 72, which provides 
a seal against the passage of hydraulic fluid between 
the axially outer surface of plate 70 and the adjacent 
inner surface of the cover 1 2. Clutch plate 70 and piston 
60 are driveably connected when the bypass clutch is 
engaged due to mutual frictional engagement. Cover 12 
is driveably connected to an engine crankshaft. 
[0019] Clutch piston 60 includes four axial legs 78 
spaced mutually angularly about the axis of rotation and 
directed toward the turbine wheel 26. The piston has a 
crowned surface 75 located at its radially outer portion 
and extending radially from the tangency with the fillet 
radius 76. The piston includes a surface 77 extending 
radially inward from the crown surface 75 and inclined 
axially away from plate 70 and disc 79. Plate 70 carries 
friction material 80, commonly referred to as "paper 
face" material, bonded to the axially inner radial surface 
of plate 70 by a bondingtechnique described by Frosbie, 
Milekand Smith in SAE Design Practices, Vol. 5 (1962). 
[0020] Referring to Figures 2 and 3, a pressure disc 
79 is welded at 81 to the radially outer surface of piston 



60, and the disc is formed such that the disc contacts 
surface 75 near a radially outer region and is inclined 
axially outward and radially inward away from surface 
75 toward the friction material 80 on plate 70. 
5 [0021] Each of the legs 78 of piston 60 is located for 
contact with a damper spring, as described below The 
turbine shroud 28 and a torque converter damper spring 
retainer 97 are joined to a radially extending flange of 
turbine hub 38 at a riveted connection 36. At the radially 
to outer end of retainer 97, several arcuate spring retainer 
flanges 92, spaced angularly about the axis at intervals 
corresponding to the location and arcuate lengths of the 
damper springs 102, 103, are formed. Flanges define a 
substantially circular tubular cavity, in which are located 
« four angularly spaced, helically-coiled damper springs 
102. Preferably, the two longer damper springs 102 are 
formed with an actuate shape; the two shorter springs 
103 are formed straight and then bent to the contour of 
the arcuate flanges in which they are located. At four 
2 ° angularly spaced locations about the central axis of the 
torque converter, flange 92 of the damper support 97 is 
formed integrally with local stop flanges 104, adjacent 
pairs of stop flanges which define the extremities of an- 
nular pockets of the damper where each spring 1 02, 1 03 
25 is located. Each stop flange provides a surface that 
stops an end of a spring from moving in response to dis- 
placement of the piston legs 78, which cause each 
spring to compress. Details of the damper assembly are 
described in U.S.S.N. 08/891,911, which is assigned to 
30 the assignor of this invention. 

[0022] Piston 60 moves axially toward clutch plate 70 
due to differential hydraulic pressure across the piston 
and away from the clutch plate as pressure within con- 
trol chamber 90 rises in relation to pressure on the axi- 
35 ally opposite side of the piston. Piston 60 also rotates 
about the axis when it is driveably connected to plate 70 
because impeller cover 12 is connected to the engine 
crankshaft. This rotary movement of the piston forces 
two legs 78 into contact with springs 102 causing them 
40 to compress, store energy and dissipate energy due to 
contact of the spring on the inner surfaces of flanges 92. 
[0023] Each of the axially directed legs 78 of the pis- 
ton 60 is located within a space located between angu- 
larly opposite ends of each of the damper springs. En- 
& gine torque is transmitted through piston 60 to the damp- 
er assembly by bearing contact between axial legs 78 
and the adjacent ends of the damper springs. 
[0024] Chamber 90, bounded by piston 60, cover 12, 
and clutch plate 70, is a control pressure chamber, 
50 which communicates with a control pressure source, 
through a passage 91 in a manner described in U.S. Pat- 
ent 4,633,738, which is assigned to the assignor of this 
invention. By controlling pressure in chamber 90, a pres- 
sure differential across piston 60 can be controlled. The 
55 pressure in the torus flow cavity on the left-hand side of 
piston 60 forces the piston to slide on surface 62 right- 
ward and causes the mutually facing surfaces on clutch 
plate 70 and disc 79 to become frictionally engaged. By 
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appropriately modulating the pressure in chamber 90, 
controlled slipping will occur between the cover and pis- 
ton. Torque fluctuation developed in the driveline due to 
engine torque perturbations and other torque transmit- 
ting irregularities are modulated through operation of the 
damper assembly. 

[0025] The piston is driveably connected through the 
damper assembly resiliently through the damper 
springs to retainer 97, via the attachment at rivets 36 to 
the turbine rotor, and through hub 38 to the transmission 
input shaft 42. 

[0026] Figure 2 shows piston 60 and disc 79 located 
out of contact with clutch plate 70, the bypass clutch be- 
ing disengaged and the piston located near its left-hand 
extremity of travel. When the clutch moves disc 79 right- 
ward into contact with plate 70, light contact pressure 
between plate 79 and friction material 80 occurs first at 
the radially inner area of plate 70 and decreases grad- 
ually as the radial distance from the inner edge of the 
disc increases. Disc 79 flexes on surfaces 75,77 into 
compliant contact with the surface of material 80 on 
plate 70. The center of the contact pressure is at the 
radially inner area of plate 79. 

[0027] Figure 3 shows piston 60 moved rightward 
from the position of Figure 2 to a position more fully en- 
gaged with clutch plate 70. Disc 79 contacts the friction 
material 80 substantially along its entire radial width. 
Bending of disc 79 through its thickness results due to 
support provided by contact between piston 60 and disc 
79 on surfaces 75,77, pressure applied axially to disc 
79 by plate 70, and clearance between the piston and 
disc at their radially inner regions. This bending produc- 
es a pressure distribution along the disc width similar to 
that shown in Figure 3. Preferably the center of the dis- 
tributed pressure is located at 106, which is approxi- 
mately 1/3 of the radial width of material 80 from its outer 
edge. In this way when bypass clutch apply pressure is 
low, the effective center of contact pressure between the 
piston-disc subassembly and plate 70 is near the radi- 
ally inner surface. As apply pressure increases, the 
center of contact pressure moves radially outward. 
[0028] In Figure 4, the piston surface 108 is inclined 
axially away from a crowned surface 110 such that an 
angle of 2-3 degrees exists between surface 108 and 
surface 112 of disc 114 before contact with the plate 70 
occurs. The compliant pressure disc 114 is welded at 81 
to the piston and includes a hooked portion 116 extend- 
ing from the weld to a planar leg having an axially outer 
surface adapted to contact material 80. The adjacent 
surface of material 80 carried in clutch plate 70 is direct- 
ed radially. 

[0029] In the embodiments of Figure 2-4, the disc 
79,114 are 1.0-1.5 mm thick and preferably are formed 
of high strength, low carbon alloy 950 structural sheet 
steel. 

[0030] As increasing load is applied to the piston by 
hydraulic pressure, a compliant disc deflects such that 
the center of the area of contact with the friction surface 
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on the impeller casing moves radially outward with re- 
spect to its location while the hydraulic pressure force 
is relatively low. 



Claims 

1. A bypass clutch for the torque converter of an au- 
tomatic transmission for an automotive vehicle, 
comprising: 

a bladed wheel (26,28) supported for rotation 
about an axis on a hub (38); 
an impeller casing (12) supported for rotation 
about said axis, having a friction surface (80) 
facing the wheel; 

a piston (60) supported on the hub (38) for dis- 
placement thereon relative to the friction sur- 
face, having a mounting surface (75,77); and 
a disc (79) fixed to the piston (60) at the mount- 
ing surface, contacting the piston (60), extend- 
ing from the mounting surface between the pis- 
ton (60) and the friction surface (80), adapted 
to deflect elastically due to contact with the fric- 
tion surface (80) as the piston moves toward 
the friction surface (80) and the disc (79) drive- 
ably engages the friction surface (80), and al- 
ternately to deflect elastically as the piston (60) 
moves away from the friction surface (80) and 
the disc (79) disengages the friction surface 
(80). 

2. A bypass clutch as claimed in claim 1 , wherein: 

the piston includes a mounting surface support- 
ing the disc thereon, a crown located near a ra- 
dially outer portion of the piston, and a surface 
facing the friction surface, located adjacent the 
crown and inclined radially inward from the 
crown and axially away from the friction sur- 
face; and 

the disc includes a first surface contacting the 
crown, a second surface located between the 
piston and friction surface, inclined radially in- 
ward from the crown and axially toward the fric- 
tion surface, spaced axially from the piston at 
a radially inward portion of the friction surface, 
the second surface adapted alternately to en- 
gage driveably and to disengage the friction 
surface as the piston moves on the hub. 

3. A bypass clutch as claimed in claim 2, wherein: 

the piston further comprises a first flange, axi- 
ally directed having the mounting surface ther- 
eon, located at a radially outer surface; and 
the disc further comprises a second flange fixed 
to the mounting surface, a leg carrying the first 



4 



7 



EP 1 008 784 A2 



8 



surface and second surface, a folded hem lo- 
cated along the disc between the second flange 
and the leg. 

4. A bypass clutch as claimed in claim 2, wherein: 

the piston further comprises a first flange, axi- 
al ly directed having the mounting surface ther- 
eon, located at a radially outer surface; and 
the disc f u rther comprises a second flange fixed 
to the mounting surface, a leg carrying the first 
surface and second surface, a hook portion 
welded to the piston at the mounting surface 
and extending from the weld to the leg. 

5. A bypass clutch as claimed in claim 1 , further com- 
prising a weld fixing the disc to the piston at the 
mounting surface. 

6. A bypass clutch for the torque converter of an au- 
tomatic transmission for an automotive vehicle, 
comprising: 

a bladed wheel supported for rotation about an 
axis on a hub; 

an impeller casing supported for rotation about 
said axis, having a friction surface facing the 
wheel; 

a piston supported on the hub for displacement 
thereon toward and away from the friction sur- 
face; and 

a disc supported on the piston for bending dis- 
placement due to contact with the friction sur- 
face, located between the piston and friction 
surface, extending radially inward and inclined 
axially toward the friction surface such that the 
disc first contacts the friction surface at a radi- 
ally inner position as the piston moves toward 
the friction surface, and the disc contacts the 
friction surface over an area that extends radi- 
ally outward from said position of first contact 
as the piston moves further toward the friction 
surface. 
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8. A bypass clutch as claimed in claim 7, wherein: 

the piston further comprises a first flange, axi- 
ally directed, having the mounting surface ther- 
eon, located at a radially outer surface; and 
the disc further comprises a second flange fixed 
to the mounting surface, a leg, a folded hem 
located along the disc between the second 
flange and leg. 

9. A bypass clutch as claimed in claim 7, wherein: 

the piston further comprises a first flange, axi- 
ally directed, having the mounting surface ther- 
eon, located at a radially outer surface; and 
the disc further comprises a secondfiange fixed 
to the mounting surface, a leg, a hook portion 
welded to the piston at the mounting surface 
and extending from the weld to the leg. 

10. A bypass clutch as claimed in claim 7, further com- 
prising a weld fixing the disc to the piston at the 
mounting surface. 



7. A bypass clutch as claimed in claim 6, wherein: 45 



the piston includes a mounting surface on 
which the disc is fixed to the piston, and a sup- 
port surface located near a radially outer por- 
tion of the piston; and so 
the disc contacts the support surface, and the 
disc extends radially inward from the crown and 
axially toward the friction surface, spaced axi- 
ally from the piston at a radially inward portion 
of the friction surface, the second surface 55 
adapted alternately to engage driveably and to 
disengage the friction surface as the piston 
moves on the hub. 
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